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Abstract
Background Human hepatocellular carcinoma (HCC) is
one of the most common fatal cancers and an important
health problem worldwide, but its mechanism is still
unclear. Microtubule (MT) kinesin motor proteins orches-
trate a variety of cellular processes (e.g. mitosis, motility
and organelle transportation) and have been involved in
human carcinogenesis. KIF3B, the kinesin superfamily of
proteins (KIFs), plays an important role in the regulation of
mitotic progression.
Aim The expression of KIF3B and its involvement in
HCC was investigated.
Methods Western blot and immunohistochemistry were
used to measure the expression of KIF3B protein in HCC
and adjacent non-tumorous tissues in 57 patients and Cell
Counting Kit-8 to analyze the effects of growth and
interference of KIF3B in the cell cycle process.
Results KIF3B protein level was increased in HCC tis-
sues compared with the adjacent non-tumorous tissues. It
was significantly associated with histological differentiation,
tumor size, the level of alpha fetal protein (AFP) and
proliferation marker Ki-67. Over-expression of KIF3B was
correlated with poor survival. Following release of HepG2
cells from serum starvation, the expression of KIF3B was
up-regulated. Furthermore, suppression of KIF3B not only
decreased cancer cell growth but also induced apoptosis of
cells.
Conclusions Our results suggested that KIF3B expression
was upregulated in HCC tumor tissues and proliferating
HCC cells, and an increased KIF3B expression was asso-
ciated with poor overall survival. KIF3B over-expression is
involved in the pathogenesis of hepatocellular carcinoma
and may serve as a potential therapeutic target for human
HCC.
Keywords Human hepatocellular carcinoma (HCC) 
KIF3B  Cell proliferation  Pathogenesis
Introduction
Hepatocellular carcinoma (HCC) is one of the most com-
mon fatal cancers and an important health problem
worldwide, especially in Asia, where its incidence is
increasing in many countries [1–3]. Also, the incidence has
been rising in several Western low-incidence areas over the
past decade [4, 5]. Although the clinical technology has
been greatly improved, the prognosis of patients with HCC
is still poor [1, 2]. The poor prognosis of HCC is also
caused by its poorly differentiated phenotype, large type,
portal venous invasion, and intrahepatic metastasis [6]. In
order to improve the prognosis of patients, it is very
important to find efficient new targets for early diagnosis
and effective treatment of HCC [7]. Hepatocarcinogene-
sis is a complex and multistep process that implicates
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activating oncogenes and inactivating tumor suppressor
genes in the different stages of HCC progression [8]. Thus,
identification and investigation of new genes/pathways
involved in HCC development will help our understanding
of the mechanisms of hepatocarcinogenesis [9].
Kinesin superfamily proteins (KIFs) were found for the
first time in 1985. KIFs are a conserved class of microtu-
bule-dependent molecular motor proteins that transport
intracellular cargo along microtubules using the energy
derived from ATP hydrolysis [10, 11]. KIFs participate in
several cellular processes, including mitosis, meiosis, and
transport macromolecules. Of these, mitosis is a complex
and highly regulated process of eukaryotic cell division.
Any exception in the process of mitosis will result in cell
death, gene deletion, chromosome translocation, duplica-
tion and even carcinogenesis [12, 13].
KIF3, one of the most ubiquitously expressed KIFs, is
composed of a KIF3A/3B heterodimer and a kinesin-asso-
ciated protein known as KAP3 [14]. This complex has been
involved in the intracellular transport of membrane-bound
organelles and protein complexes in various tissues (e.g.
neurons, melanosomes and epithelial cells) [15–17]. As a
member of the KIF3 subfamily of the kinesin superfamily,
KIF3B consists of a family of molecular motors and shows
function in vesicle transport and membrane expansion
during mitosis through targeting of other molecules [18,
19]. Adenomatous polyposis coli (APC) protein is trans-
ported by the KIF complex, accumulates in the tips of
membrane protrusions, and may thus regulate cell migration
[17]. Lukong et al. [20] demonstrated that kinesin associ-
ated protein 3A (KAP3A) knockdown resulted in suppres-
sion of breast tumor kinase (BRK)-induced migration of
breast cancer cells. These results indicated that KIF3B has
been implicated in carcinogenesis.
The expression and clinical significance of KIF3B pro-
tein have not yet been investigated in human HCC.
Therefore, in the present study, we compared the expres-
sion of KIF3B protein in HCC tissues with the adjacent
non-tumorous tissues using immunohistochemical and
immunoblotting methods. Then, we used anti-KIF3B small
interfering RNA (siRNA) to elucidate the effects of KIF3B
on HCC cell proliferation.
Materials and Methods
Patients and Tissue Samples
HCC tissues were obtained from 57 patients. All underwent
hepatic surgical resection without postoperative systemic
chemotherapy in the Surgery Department, at the Affiliated
Hospital of Nantong University. The diagnosis criteria for
all patients in this study were confirmed by experienced
pathologists through histological examination of H&E-
stained biopsy sections; and clinicopathologic and follow-up
data were completely available. The main clinical and
pathologic variables of the patients are shown in Table 1.
Forty-four patients were men and 13 were women; their ages
ranged from 21 to 65 (mean, 47.19 years). Forty patients
were positive for HBV surface antigen, 43 were positive for
cirrhosis. Histological grades were classified to well differ-
entiated (grade I; n = 12), moderately differentiated (grade
II; n = 27), and poorly differentiated (grade III; n = 18).
The follow-up time was 5 years for 57 patients after surgery
ranging from 1 to 80 months (median, 34 months). None of
the patients received postoperative adjuvant therapy.
Tissue samples were immediately processed after sur-
gical removal. For histological examination, all tumorous
and surrounding non-tumorous tissue portions were pro-
cessed in formalin and embedded in paraffin. Protein was
analyzed in eight snap-frozen tumorous and adjacent non-
tumorous tissue samples that were stored at -80 C.
Informed consent was obtained from all patients.
Immunohistochemistry
Tissue sections (1 lm) were cut, placed on APES-pretreated
slides, deparaffinized, rehydrated through graded alcohol,
and quenched in 3 % hydrogen peroxide. Antigen retrieval
was performed by microwave heating at high power
(750 W) in 10 mM sodium citrate buffer (pH 6.0) for three
cycles of 5 min each. After blocking with normal serum for
1 h at room temperature, the sections were incubated over-
night at 4 C with anti-human KIF3B rabbit polyclonal
antibody (diluted 1:200; R&D) and anti-Ki67 mouse
monoclonal antibody (diluted 1:100; clone 7B11; Zymed
Laboratories, San Francisco, CA, USA). Negative control
slides were also processed in parallel using a nonspecific
immunoglobulin IgG (Sigma Chemical Co., St. Louis, MO,
USA) at the same concentration as the primary antibody. The
positive immunostaining of reactive lymph node breast
carcinoma specimens represented an internal-positive con-
trol for preservation of antigenicity in the sections examined.
All slides were processed using the peroxidase-anti-
peroxidase method (Dako, Hamburg, Germany). Diam-
inobenzidine was used as the final chromogen, and Gills
hematoxylin was used for counter-staining. For the assess-
ment of KIF3B and Ki-67, five high-power fields were
randomly chosen, and more than 500 cells were counted to
determine the Labeling index (LI), which means the per-
centage of immunostained cells relative to the total number
of cells [21]. The LI of KIF3B ranged from 8 to 90 %. The
mean percentage of positive cells was 49 %. The LI of Ki-67
ranged from 3 to 67 %. The mean percentage of positive
cells was 36 %. Tumors were scored as percentage of
positive cells for each antigen. The KIF3B and Ki-67
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immunostaining score were calculated as both the percent-
age of positively stained tumor cells and the staining inten-
sity. The percent positivity of KIF3B was scored as follows:
0 (\10 % positive tumor cells); 1 (10–30 % positive tumor
cells); 2 (30–50 % positive tumor cells); 3 (50–70 % posi-
tive tumor cells); and 4 ([70 % positive tumor cells). The
percent positivity of Ki67 was scored as: 0 (5 % positive
tumor cells); 1 (5–25 % positive tumor cells); 2 (25–45 %
positive tumor cells); 3 (45–60 % positive tumor cells);
4 ([60 % positive tumor cells). Staining intensity was scored
as ‘‘0’’ (no staining), ‘‘1’’ (weakly stained), ‘‘2’’ (moderately
stained), or ‘‘3’’ (strongly stained). The immunostaining
score was calculated as the percentage positive score 9 the
staining intensity score and ranged from 0 to 12. A score of 0
was considered negative; 1–4 was considered weak; 5–9 was
considered moderate; and 10–12 was considered strong. For
statistical analysis, 0–4 were counted as low expression,
while 5–12 were counted as overexpression [22].
Table 1 KIF3B Ki67 expression and clinicopathological parameters in 57 HCC specimens
Parameters Total KIF3B P Ki67 P
Low score \5 High score C5 Low score \5 High score C5
Age (years)
B45 28 8 20 0.423 14 14 0.349
[45 29 10 19 12 17
Gender
Male 44 15 29 0.349 19 25 0.358
Female 13 3 10 7 6
Histological grade
Well 12 8 4 \0.01* 10 2 \0.01*
Mod 27 9 18 15 12
Poor 18 1 17 1 17
Metastasis
Positive 15 7 8 0.128 9 6 0.158
Negative 42 11 31 17 25
Vein invasion
Presence 22 7 15 0.6 13 9 0.089
Absence 35 11 24 13 22
Tumor size (cm)
B5 21 12 9 0.002* 13 8 0.054
[5 36 6 30 13 23
No. of tumor nodes
Single 29 11 18 0.223 11 18 0.179
Multiple C2 28 7 21 15 13
Capsular formation
Presence 35 14 21 0.074 15 20 0.399
Absence 22 4 18 11 11
HBsAg
(?) 40 13 27 0.539 18 22 0.557
(-) 17 5 12 8 9
Cirrhosis
Positive 43 13 30 0.471 18 25 0.245
Negative 14 5 9 8 6
AFP (ng/mL)
B50 30 13 17 0.041* 18 12 0.021*
[50 27 5 22 8 19
Statistical analyses were performed by Pearson’s v2 test
HCC human hepatocellular carcinoma, HBsAg hepatitis B surface antigen, AFP alphafeto protein
* P \ 0.05 was considered significant
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Western Blot Analysis
Tissue and cell protein were promptly homogenized in a
homogenization buffer containing 1 M Tris–HCl pH 7.5, 1 %
Triton X-100,1 %NP40 (nonidet p-40), 10 % sodium dodecyl
sulfate (SDS), 0.5 % sodium deoxycholate, 0.5 M EDTA,
10 lg/mL leupeptin, 10 lg/mL aprotinin, and 1 mM PMSF,
then centrifuged at 10,000g for 30 min to collect the super-
natant. Protein concentrations were determined with a Bio-
Rad protein assay (Bio-Rad, Hercules, CA, USA). The
supernatant was diluted in 29 SDS loading buffer and boiled.
Proteins were separated with SDS-polyacrylamide gel elec-
trophoresis (SDS-PAGE) and transferred to polyvinylidine
difluoride filter (PVDF) membranes (Millipore, Bedford, MA,
USA). The membranes were blocked with 5 % dried skim
milk in TBST (20 mM Tris, 150 mM NaCl, 0.05 %Tween-
20). After 2 h at room temperature, the membranes were
incubated overnight with polyclonal antibody against using
the primary antibodies. Antibodies used were as follows: anti-
KIF3B (1:1,000; Santa Cruz Biotechnology); anti-p27Kip1
(1:500; Santa Cruz Biotechnology); anti-CDK2 (1:500; Santa
Cruz Biotechnology); anti-cyclin A (1:500; Santa Cruz Bio-
technology); anti-GAPDH (1:1,000; Sigma). Then horserad-
ish peroxidase-linked IgG was used as the secondary
antibody. Immunoreactive bands were visualized by chemi-
luminescence (NEN Life Science Products, Boston, MA,
USA). After the chemiluminescence was exposed to X-ray
films, the films were scanned using a Molecular Dynamics
densitometer (Imaging Technology, Ontario, Canada). Values
are responsible for at least three independent reactions.
Immunofluorescence
Cells were inoculated into the coverslip the day before
synchronization. After synchronization, fixed with 3 %
paraformaldehyde (1 h) and permeabilized with 0.1 % sur-
factant Triton X-100 (15 min). Nonspecific binding was
blocked with 1 % BSA for 30 min. Next, the cells were
incubated with rabbit anti-KIF3B antibody in 1 % BSA at
4 C overnight. Cells were incubated in the dark with goat
anti-rabbit IgG-fluorescein isothiocyanate (Santa Cruz, CA,
USA) in 1 % BSA for 1 h at room temperature. The nuclei
were counterstained with DAPI (Santa Cruz, CA, USA) for
10 min. Images were acquired using a Leica confocal
microscope. Digital images of the fluorescent antibody-
stained cells were acquired with software provided by Leica.
Cell Culture and Cell-Cycle Analysis
The Huh7, a HCC cell line, HepG2, a hepatoblastoma cell
line and the LO2 normal liver cell line were obtained from
our laboratory and were cultured in Dulbecco modified
Eagle medium supplemented with 10 % fetal bovine serum
(FBS), penicillin 100 U/mL, and streptomycin 100 lg/mL
in 5 % CO2 at 37 C. For cell-cycle analysis, specific
experimental methods have been reported previously [23].
Cell Proliferation Assay
Cell proliferation was measured using the CCK-8 (cell
counting Kit-8) assay following the manufacturer’s instruc-
tions. In brief, cells were seeded on a 96-well cell culture
cluster (Corning Inc., Corning, NY, USA) at 2 9 104/well in
100 lL medium and incubated overnight. Cell Counting Kit-8
(Dojindo, Kumamoto, Japan) reagents were added to a subset
of wells under different treatments and incubated for 1 h at
37 C, after which absorbance was measured at a test wave-
length of 490 nm on an automated plate reader.
Plasmid Constructs siRNA and Transfection
The siRNAs species for the KIF3B knockdown were syn-
thesized by Biomics (Nantong, China). The siRNA sequen-
ces were as follows: KIF3B-siRNA1, sense: 50-GCAGAAA
CGUCGAGAAAGATT-30; and antisense: 50-UCUUUCUC
GACGUUUCUGCTT-30; KIF3B-siRNA2, sense = 50-GA
UCCCAGAAUCAACAAUATT-30; and antisense = 50-UA
UUGUUGAUUCUGGGAUCTT-30; KIF3B-siRNA3, sense:
50-GGAGCUGAAACUCAAGCAUTT-30; and antisense =
50-AUGCUUGAGUUUCAGCUCCTT-30; and negative
control (NC), sense = 50-UUCUCCGAACGUGUCACGUd
TdT-30; and antisense = 50-ACGUGACACGUUCGGAG
AAdTdT-30. Cell transfection was performed with Super-
Fectin according to the manufacturer’s instructions.
Apoptosis Assay
The apoptosis assays were performed at 72 h after the cells
were transfected with 20 mM siKIF3B or NC. The HepG2
cells transfected with siKIF3B or NC were washed three
times in ice-cold PBS, resuspended in 100 lL of 19 Binding
Buffer and incubated with Annexin V-FITC (Bestbio, China)
for 15 min at 4C in the dark, according to the manufac-
turer’s instructions. After staining, the cells were incubated
with propidium iodide for 5 min at 4 C in the dark and then
analyzed using a flow cytometer (Beckman, USA).
Statistical Analysis
Statistical analysis was performed using the PASW statistics
18 software package. The association between Ki-67 and
KIF3B expression and clinicopathological features was
studied using the v2 test. Expression of Ki-67 and KIF3B were
studied using the Spearman rank correlation test because the
data were not normally distributed. Overall survival curves
were calculated with the Kaplan–Meier method and were
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analyzed with the log-rank test. A Cox proportional-hazards
analysis was used in univariate and multivariate analyses to
explore the effects of KIF3B expression and HCC clinico-
pathological variables on survival. The results were expressed
as mean ± SD and analyzed using the Mann–Whitney U test.
Differences were considered significant at P \ 0.05.
Result
KIF3B Protein Expression in Primary HCC Tissue
Samples, Adjacent Non-tumor Tissue, and HCC Cell
Lines
The expression of KIF3B was studied with immunoblotting
in eight paired adjacent non-tumorous tissues and HCC
biopsy samples. KIF3B was dramatically increased in the
tumors as compared with the adjacent non-tumorous tissues
(Fig. 1a). We next screened baseline KIF3B expression
levels in the human HCC cells HepG2 and Huh7, the
normal line LO2. The Huh7 and HepG2 HCC cell lines
showed increased KIF3B protein levels relative to the LO2
normal liver cell line (Fig. 1b). The amount of GAPDH, a
housekeeping protein, was demonstrated to be rather con-
stant among the samples. We next found KIF3B expression
was predominantly detected in the cytoplasm of the HCC
cells HepG2 and Huh7, the normal line LO2 (Fig. 1c).
Immunohistochemical Analysis of KIF3B Expression
in HCC Clinical Samples and Its Relationship
to Clinicopathological Parameters
KIF3B expression was investigated in 57 samples from
patients with HCC using immunohistochemical staining.
Fig. 1 KIF3B is overexpressed in hepatocellular carcinoma but low
or non existent in paired adjacent non-tumorous tissues. a Western
blots of eight representative paired samples of hepatocellular
carcinoma tissue (T) and adjacent non-tumorous tissues (N) immuno-
blotted against KIF3B. Whole-cell lysates were prepared from tissue
specimens obtained from hepatocellular carcinoma and adjacent non-
tumorous tissues. In all samples tested, KIF3B expression levels were
significantly higher in hepatocellular carcinoma than in paired
adjacent non-tumorous tissues. The bar chart demonstrates the ratio
of KIF3B protein to GAPDH by densitometry. The data are
mean ± SD of three independent experiments (*P \ 0.01, tumor
tissues compared with adjacent non-tumorous tissues). b The KIF3B
protein expression was upregulated in the human hepatocellular
carcinoma cell lines HepG2 and Huh7 cells, compared with the
normal liver cell line LO2. c The KIF3B expression (green, mainly in
the cytoplasm) in the LO2, Huh7 and HepG2 cells. The cell nuclei
(blue) were stained with DAPI. Original magnification, 9400
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Following the different histological grade, representative
examples of reactivity for KIF3B and Ki-67 are shown in
Fig. 2. In most specimens, the proportion of KIF3B-posi-
tive tumor cells was similar to the proportion of Ki-67-
positive tumor cells. It was clear that poor histological
grade examples had higher positive rates of all the two
molecules than the well and moderate histological grade
examples. KIF3B expression in HCC was scored as posi-
tive when expressing in the cytoplasm. Its LIs ranged from
8 to 90 %. The mean percentage of positive cell was 49 %.
Ki-67 expression in HCC was scored as positive when
expressing was strong in the nuclei. Its LIs ranged from 3
to 67 %. The mean percentage of positive cells was 36 %.
The clinicopathologic data of the patients are summa-
rized in Table 1. We evaluated the relationship between
KIF3B and Ki-67 expression with clinicopathologic vari-
ables. For statistical analysis of the expression of KIF3B
and Ki-67, the carcinoma specimens were divided into high
expressers and low expressers according to the score of
KIF3B- and Ki-67-positive cells. Thus, KIF3B expression
was significantly correlated with tumor size (P = 0.002),
histological differentiation (P \ 0.01) and the level of AFP
(P = 0.041). There were no statistically significant differ-
ences in KIF3B expression and other prognostic factors
(Table 1). Furthermore, in most specimens, tumors with
high expression of KIF3B showed high expression of
Ki-67. A positive correlation between KIF3B expression
and Ki-67 on the basis of proliferative activity was found
(P \ 0.01; Fig. 3).
Fig. 2 Immunohistochemical analysis of KIF3B and Ki-67 expres-
sion. Paraffin-embedded tissue sections were stained with antibodies
against KIF3B and Ki-67 and counterstained with hematoxylin. The
right row shows high expression of KIF3B and Ki-67 in poorly
differentiated histological grade HCC tissues (SP 9 400). The middle
and the left rows are moderate and well differentiated histological
grades, respectively. Details of the experiments are given in
‘‘Materials and methods’’
Fig. 3 The relationship between Ki-67 and KIF3B expression in
HCC. Scatterplot of Ki-67 versus KIF3B with regression line showing
a correlation of them using the Spearman’s correlation coefficient
(P \ 0.01)
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KIF3B Expression and Patient Survival
The prognostic value of KIF3B for overall survival in HCC
patients was evaluated by comparing the patients with high
and low KIF3B expression. According to the Kaplan–
Meier survival analysis, high KIF3B expression was sig-
nificantly associated with poor prognosis. The HCC
patients with low KIF3B expression had obviously higher
overall survival rates than did those with high KIF3B
expression (Fig. 4, P \ 0.010).
Univariate and Multivariate Analyses of Prognostic
Variables in HCC Patients
Further univariate and multivariate analyses were con-
ducted using a Cox proportional-hazards model to examine
the impact of KIF3B expression and other clinical patho-
logical parameters in HCC patients. KIF3B expression and
histological differentiation were significant prognostic
factors in the univariate analysis (Table 2). Multivariate
Cox regression analyses showed that KIF3B was an inde-
pendent predictor. Thus, KIF3B expression may be useful
for predicting the overall survival of HCC patients
(P \ 0.05, Table 2).
KIF3B Expression Is Elevated in Proliferating HCC
Cells
Based on the finding that KIF3B was associated with Ki-67
expression in HCC, we further detected the expression of
KIF3B during cell cycle progression in HCC cells. HepG2
cells were arrested in G1 phase by serum deprivation for
72 h and the percentage of cells in the G1 phase was
increased from 49.18 to 69.80 % (Fig. 5a). Then, the G1-
arrested HepG2 cells were released through serum stimu-
lation and harvested every 4 h for 24 h. Upon serum
addition, the cells were reentered in the S phase (Fig. 5a).
As expected, Western blots demonstrated that the expres-
sion of KIF3B was increased after serum stimulation in
HepG2 cells. The expression of KIF3B was low in the G1
phase and high in the S phase. Meanwhile, the expression
of cyclin A and CDK2 were upregulated, whereas the
expression of p27Kip1 was inversely diminished in syn-
chrony with the increase in the expression of KIF3B
(Fig. 5b, c). These results indicated that KIF3B was
upregulated during the progression of HCC cell
proliferation.
Knockdown KIF3B Expression Suppressed Cell
Proliferation in HCC Cell Lines
To further study the potential effects of KIF3B on HCC
cell proliferation, we used siRNA to knockdown KIF3B
expression in the HepG2 cells. HepG2 cells were tran-
siently transfected with KIF3B-siRNA1-3 or control siR-
NA. After 72 h, KIF3B protein levels were substantially
decreased in cells transfected with KIF3B siRNA com-
pared to the control siRNA transfected cells (Fig. 6a).
KIF3B-siRNA1 had the highest knockdown efficiency of
the three siRNAs tested (Fig. 6a). Therefore, KIF3B-siR-
NA1 was used for all the subsequent experiments. To
assess the effects of KIF3B knockdown on cell prolifera-
tion, anti-KIF3B-siRNA1 and control siRNA were trans-
fected into HepG2 cells, and CCK-8 assay and Western
blotting were performed. The CCK-8 assay of HepG2 cells
treated with KIF3B-siRNA1 exhibited a significant
decrease in the cell proliferation rate compared with the
control siRNA (Fig. 6b). The expression of PCNA, a cell
proliferation marker, was also downregulated (Fig. 6c).
Besides, KIF3B knockdown also led to a downregulation
of cyclin A and CDK2 in HepG2 cells, but the expression
of p27Kip1 was upregulated (Fig. 6c). To determine whe-
ther the cell-cycle distribution changed after depletion of
KIF3B in HCC cells, we performed flow cytometry 72 h
after transient transfection of the KIF3B-siRNA1 expres-
sion vector. FACS analysis of cell cycle distribution dis-
covered that KIF3B knockdown induced G0/G1 phase
arrest, with a concomitant reduction in the number of cells
in S phase compared with control siRNA (Fig. 6d),
showing that KIF3B is required for G0/G1-S transition of
cell cycle. These results demonstrated that KIF3B might
participate in HCC cell proliferation.
Fig. 4 Kaplan–Meier survival curves for low KIF3B expression
versus high KIF3B expression in 57 patients of HCC. On the basis of
mean KIF3B percentages, patients were divided into high KIF3B
expressers (score C5) and low KIF3B expressers (score B5). Patients
in the high-expression KIF3B group had significantly shorter overall
survival (P \ 0.010)
Dig Dis Sci (2014) 59:795–806 801
123
Fig. 5 Expression of KIF3B and cell cycle-related molecules in
proliferating HCC cells. a Cells were synchronized at G1 phase then
entered into the cell cycle by serum stimulation for 0, 4, 8, 12, or
24 h. Flow cytometry quantitation of cell cycle progress in HepG2.
Following the cell cycle progression, most of the cells were in S
phase. b HepG2 cells were serum-starved for 72 h and cell lysates
were prepared at the indicated time points after serum refeeding, and
analyzed by Western blot using antibodies directed against KIF3B,
cyclin A, CDK2, p27Kip1 and GAPDH (a control for protein load and
integrity). c The bar chart demonstrates the ratio of KIF3B, cyclin A,
CDK2 and p27Kip1 protein to GAPDH for each time point by
densitometry. The data are mean ± SEM (n = 3, # * & $, P \ 0.01,
compared with control: S72 h). S serum starvation, R serum release
Table 2 Univariate and multivariate analysis of overall survival in 57 HCC specimens
Variables Univariate analysis Multivariate analysis
HR 95 % CI P HR 95 % CI P
Age (years) 0.60 0.211–1.728 0.25
Gender 1.02 0.297–3.559 0.60
Histological grade 2.14 1.411–3.249 0.02* 1.38 0.823–2.333 0.22
Metastasis 2.61 0.710–9.655 0.12
Vein invasion 1.19 0.404–3.527 0.48
Tumor size 1.33 0.457–3.890 0.39
No. of tumor nodes 2.61 0.890–7.685 0.06
Capsular formation 0.86 0.298–2.502 0.50
HBsAg 1.79 0.582–5.549 0.23
Cirrhosis 1.52 0.466–4.980 0.34
Serum AFP level 1.24 0.438–3.536 0.44
KIF3B 4.26 2.14–10.84 0.006* 6.736 2.249–19.315 \0.01*
Ki67 2.28 1.41–4.82 0.03* 2.354 1.017–5.452 0.04*
Statistical analyses were performed by the Cox test analysis
HCC human hepatocellular carcinoma, HR hazard ratio, CI confidence interval, HBsAg hepatitis B surface antigen, AFP alphafeto protein
* P \ 0.05 was considered significant
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Suppression of KIF3B Promotes Apoptosis
via Inactivation of Akt Kinase
Finally, we detected the role of KIF3B in the apoptosis of
HCC cells. Since suppression of KIF3B expression
inhibited cancer cell growth, we monitored survival of
KIF3B-siRNA1—transfected cells as well as control
RNAi—transfected cells after detachment and replanting
in dishes coated with polyhydroxyethylmethacrylate. Cell
apoptosis assay revealed that, 72 h after transfection,
silencing of KIF3B expression significantly increased cell
apoptosis compared with control siRNA treatment
(Fig. 7a). Therefore, these results suggest that inhibition
of KIF3B in HepG2 cells decreases the growth and
induces cell apoptosis. In order to further explore the
mechanisms by which KIF3B inhibition induces apoptosis
of HepG2 cells, we used Western blot to examine the
potential effects of KIF3B inhibition on signaling path-
ways associated with apoptosis. As shown in Fig. 7b,
inhibition of KIF3B expression led to downregulation of
Akt Ser473 phosphorylation. These results suggest that
inhibition of KIF3B disrupts cell survival via suppression
of the phosphatidylinositol 3-kinase-Akt signaling path-
way in HepG2 cells.
Fig. 6 Knockdown of KIF3B
inhibited the HCC cells
proliferation and M-phase entry.
a KIF3B protein expression
detected by Western blot 72 h
after siRNA transfection of
HepG2 cells. Western blotting
showed that KIF3B-siRNA1
had the highest knockout
efficiency of the three siRNAs
tested. Therefore, KIF3B-
siRNA1 was used for all the
subsequent experiments. The
bar chart below demonstrates
the ratio of KIF3B protein to
GAPDH by densitometry. The
data are mean ± SEM
(P \ 0.01 compared with the
control). b Cell proliferation
was measured using the CCK-8
assay. Cell Counting Kit-8
reagents were added to the
medium and incubated for an
additional 2 h. Absorbance was
measured to examine the
siRNA-treated HepG2 cells.
Data show mean ± SD of
triplicates from one experiment
representative of three
experiments performed.
*P \ 0.05 versus control.
c Western blot analysis of
PCNA, cyclins A, CDK2 and
p27Kip1 in KIF3B knockdown
HepG2 cells. d 72-h post-
transfection, cells transfected, as
described above, were stained
with PI for DNA content
analysis by FACS. Details of the
experiments are given in
‘‘Materials and methods’’
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Discussion
Kinesin superfamily proteins have important roles in
numerous cellular processes including intracellular trans-
portation and cell division [11]. Studies have shown that the
abnormal expression and function of kinesins play a key role
in the development or progression of many kinds of human
cancers. Takahashi et al. [24] suggested that downregulation
of KIF23 inhibited glioma proliferation. Bie et al. [25] found
that upregulation of KIF2C was associated with histopa-
thological grades and poor prognosis of patients with glioma.
Recently, Yang et al. [26] had found that KIF14 plays an
important role in the pathogenesis of human HCC via
affecting cell proliferation and invasion. The finding that
polymorphism of the KIF1B gene may decrease the risk for
HCC suggested that KIF1B may have a critical role in the
development of HCC [27]. Therefore, we performed a
detailed experimental analysis to investigate whether KIF3B
has a novel role in hepatocarcinogenesis.
In the present study, we examined KIF3B protein
expression in paired primary HCC samples and HCC cell
lines using Western blotting. Our results suggested that
KIF3B was overexpressed in most primary HCC tumor
tissues. Compared with the normal liver cells, the expres-
sion of KIF3B was significantly increased in HCC cell
lines. Consistent with these observations, immunohisto-
chemical analyses also showed that KIF3B expression was
increased in most HCC tumor tissues compared with the
corresponding adjacent non-tumorous tissues. We also
explored the correlation between KIF3B expression and
Ki-67 immunoreactivity, a useful marker of tumor prolif-
erative activity [28]. And expression of KIF3B and Ki-67
showed a positive correlation. Our study suggested that
upregulated KIF3B expression might be closely associated
with the pathogenesis of HCC.
In the immunohistochemical analysis, increased KIF3B
expression in HCC was significantly related with tumor
size, histological differentiation, serum AFP, Ki-67 and
poor survival. The relationship between high KIF3B
expression and larger tumor size suggested that the decline
in KIF3B expression may not facilitate the rapid expansion
of the tumor. Additionally, most of the poor histological
grade HCC examples were positive for KIF3B expression,
but KIF3B expression was profoundly weaker in the well
and moderate histological grade tumor examples. Thus,
decreased KIF3B expression is correlated with good dif-
ferentiation in HCC cells and may further inhibit HCC
progression.
Our Kaplan–Meier survival analysis showed that high
expression of KIF3B was significantly linked to poor
prognosis after surgical resection in the HCC patients
(P \ 0.01). In our study, patients with KIF3B overex-
pression were significantly correlated with poorer overall
survival. Five-year overall survival rate of KIF3B expres-
sion-positive patients was 31.3 %, while that of KIF3B
expression-negative patients was 56.8 %. In addition,
multivariate analysis suggested that KIF3B protein was an
independent prognostic factor for overall survival. These
findings showed that KIF3B could be used as a new pre-
dictor of the prognosis of patients with HCC.
Fig. 7 Downregulation of
KIF3B in HepG2 cells promotes
cell apoptosis. a HepG2 cells
transfected with KIF3B siRNA1
or nonsense siRNA and cultured
in a humidified (37 C, 5 %
CO2) incubator. After 72 h of
growth, cells were harvested
and measured for apoptosis
using Annexin V-FITC
apoptosis detection kit followed
by flow cytometry analysis.
b Cells were lysed and analyzed
by Western blot. GAPDH was
used as loading
control.*P \ 0.05
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Further study confirmed the potential role of KIF3B in
tumor cell proliferation. We detected the expression of
KIF3B during cell-cycle progression in HCC cells, and
found that the protein expression of KIF3B was upregu-
lated during the G1- to S-phase transition. Furthermore, we
discovered that the expression of cyclins A and CDK2
were increased during cell-cycle progression, whereas
p27Kip1 was decreased. The p27Kip1 is one of the most
important cell cycle inhibitors, and its expression has the
character of a tumor suppressor gene. Loss of the p27Kip1
protein expression may result in tumor development and/or
progression [29]. Many results demonstrated that the
function of p27Kip1 is determined by its localization.
Cytoplasmic mislocalization of p27Kip1 may ensure when
its nuclear import is impaired or its export facilitated, and
this is believed to affect the growth-inhibitory function of
p27Kip1 [30]. KIF3B was located in the cytoplasm. P27Kip1
expression was throughout HepG2 cells, but mainly in the
nucleus. After serum deprivation for 72 h, we found the
transportation of KIF3B from the cytoplasm to the nucleus,
p27Kip1 protein expression preferred to accumulate in the
nucleus. After serum release for 12 h, KIF3B recovered its
normal expression pattern as well as p27Kip1 (data not
shown). From these results, we hypothesized that KIF3B
affected the degradation of p27Kip1 in HCC cells by
causing its accumulation in the cytoplasm. These results
indicated that KIF3B has an oncogenic potential.
The CCK-8 assay showed that suppression of KIF3B
expression by siRNA may inhibit cell proliferation. In
addition, Western blotting indicated that PCNA, cyclins A
and CDK2 expression were downregulated, while the
expression of p27Kip1 was upregulated in KIF3B interfer-
ence cells. Knockdown of KIF3B by siRNA significantly
decelerated cell cycle progression of HepG2 cells. Our
findings demonstrated that suppression of KIF3B may
inhibit cell proliferation.
Apoptosis is a process of programmed cell death. As we
know, normal cells use apoptosis to prevent abnormal cell
proliferation, while cancer cells often overcome the process
and migrate to new sites for their abnormal growth. Our
results suggested that inhibition of KIF3B expression
reduced the proliferation of hepatoma cells and induced
apoptosis. Although the exact mechanism by which KIF3B
is directly involved in the regulation of apoptosis remains
to be clarified, our results indicate that suppression of
KIF3B expression might inhibit the cell proliferation/sur-
vival via phosphatidylinositol 3-kinase-Akt signaling
pathway, which is similar to the role of KIF18A during
breast carcinogenesis [31]. Further research is required to
determine how KIF3B activates the phosphatidylinositol
3-kinase-Akt signaling pathways.
In addition, it has been reported that HepG2 is a hepato-
blastoma-derived cell line [32]. Our study showed that KIF3B
expression had similar changes in HepG2 and HCC, and we
hypothesized that KIF3B had a similar effect in HepG2 and
HCC. However, further studies are necessary to elucidate the
specific role of KIF3B in hepatoblastoma and HCC.
In conclusion, our study suggests that KIF3B plays an
important role in HCC carcinogenesis, especially in tumor
development, progression and proliferation. Cell culture
studies confirmed that suppression of KIF3B expression by
siRNA inhibited cell proliferation and induced cell cycle
arrest and apoptosis in HCC cell lines. Our results provide
evidence that KIF3B may serve as a novel prognostic
biomarker and a new molecular therapy target for HCC.
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